New substituted thieno-fused bicyclic compounds named (1H-pyrazol-3-yl)thieno [2,3-b] [2,3-b]pyridin-4(7H)-one derivatives (6a-c, 7a-c, and 8), and 3-(3-methyl-4-oxo-7-phenyl-4,7-dihydrothieno[2,3-b]pyridin-2-yl)-3-oxopropyl 4-chlorobenzoate (9) were synthesized by reacting the new enaminone (3) with different reagents. The chemical structure of the new molecules was determined by means of different spectroscopic methods such as NMR, IR, MS spectrometry, and by CHN analyses. The molecular structure of the 1,1 -(3-methyl-5-(phenylamino)thiophene-2,4-diyl)diethanone (2) was successfully solved by X-ray single crystal.
Introduction
E naminones are a precursor for the synthesis of heterocycles which have been devoted in the last decade. These synthons were reacted with several nucleophilic and electrophilic reagents to construct new heterocyclic systems of pharmaceutical targets such as pyrazolo [3,4-d] pyrimidin-4-one, pyrazolo [1,5-a] pyrimidine derivatives [1] , pyrido [2,3-d] [1, 2, 4] triazolino [4,3-a] pyrimidin-4-one, pyridino [2,3-d] pyrimidin-4-one, and pyrido [2,3-d] [1, 2, 4] triazolino [4,5-a] pyrimidin-5-one [2] . Thieno-fused bicyclic compounds incorporate pyrimidine, pyrazoles, benzo [4, 5] imidazo [1,2-a] pyrimidine and [1, 2, 4] triazolo [1,5-a] pyrimidine rings [3] , isoquinoline [4] , and natural products and their analogues [5, 6] .
Additionally, the thieno [2,3-b] pyridine core structure and its substituents are scaffold possessing potential biological activities including estrogenic, antihypertensive anti-inflammatory, antiviral, anticancer, and antimicrobial activities [7] [8] [9] [10] [11] [12] [13] [14] [15] ; indeed, many substituted thieno [2,3-b] pyridine building blocks were synthesized and recognized for the selectivity of these bioisosteres of the antibacterial quinolones such as ofloxacin, ciprofloxacin, and norfloxacin [16, 17] . In continuation of our interest in the chemistry of thieno-fused bicyclic compounds [18] [19] [20] [21] to develop new library of pharmaceutical targets we started from new enaminone 3 as precursor for synthesis of new thienofused bicyclic compounds containing thieno [2,3-b] pyridine core.
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Experimental Section
2.1. General. All the chemical products were purchased from various suppliers, including Sigma-Aldrich and Fluka, and were used without further purification, unless otherwise stated. All melting points were measured on a Gallenkamp melting point apparatus in open glass capillaries and are uncorrected. IR spectra were recorded as KBr pellets on a Nicolet 6700 FT-IR spectrophotometer. The NMR spectra were recorded on a Varian Mercury Jeol-400 NMR spectrometer.
1 HNMR (400 MHz) and 13 C-NMR (100 MHz) were run in deuterated dimethyl sulphoxide (DMSO-d 6 ). Chemical shifts ( ) are referred to in ppm while J-coupling constants were represented in Hz. Mass spectra were recorded on a Jeol of JMS-600 H. Elemental analysis was carried out on Elmer 2400 Elemental Analyzer, CHN mode. (2) . In a round bottom flask (100 mL) acetylacetone (10 mL, 100 mmol) was dissolved in DMF (45 mL); then the reaction mixture was kept at RT for 5 mins; subsequently, phenyl isocyanate (13.5 mL, 100 mmol) was added and stirred for further 30 mins. the reaction mixture was then cooled by using ice bath, and chloroacetone (9.25 mL, 100 mmol) was added and stirred for 15 mins. The reaction mixture was allowed to warm to rt and continued stirring for 30 mins. The precipitated product was filtered off and washed by H 2 O and dried. The crude product was purified by crystallization from glacial acetic acid to afford the pure compound in yellow crystals.
Yield [2,3-b] pyridin-4(7H)-one (3) . A mixture of 1,1 -(3-methyl-5-(phenylamino)thiophene-2,4-diyl)diethanone 2 (1.37 g, 0.5 mmol) and DMF-DMA (1.19 mL, 0.01 mol) was refluxed in m-xylene (15 mL) for 3 h. After cooling, the resulting solid product was collected by filtration to give the desired product 3 used for the next step without any further purification. 
2-(3-(Dimethylamino)acryloyl)-3-methyl-7-phenylthieno
General Procedure for the Preparation of Compounds 4a,b.
Compounds 4a,b were prepared using the following general procedure.
Compound 3 (0.131 g, 0.5 mmol) was added to hydrazine hydrate (2 mL, 63 mmol) or phenylhydrazine (1 mL, 10 mmol) (to make compounds 4a,b, resp.). The mixture of compound 3 and the appropriate hydrazine was refluxed until compound 3 is completely dissolved, followed by addition of the mixed solvent EtOH/DMF. The reaction mixture was then refluxed for 6-7 h and the product was filtered after cooling. The desired product was obtained in a pure form by recrystallization from MeOH. Using the general procedure, the following compounds were prepared. [2,3-b] 
2-([1,2,4]Triazolo[1,5-a]pyrimidin-7-yl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (5).
It is a mixture of 3 (0.131 g, 0.5 mmol) and 3-amine-1H-1,2,4-triazole (0.042 g, 0.5 mmol) in dioxane. Catalytic amount of TEA (triethyl amine) and ZnCl 2 was added into the reaction mixture. The reaction mixture was then refluxed for 6 h and the product was filtered after cooling. 
General Procedure for the Preparation of Compounds 6a-c.
Compounds 6a-c were prepared using the following general procedure.
Compound 3 (0.131 g, 0.5 mmol) was added to ethane-1,2-diamine (0.03 g, 0.5 mmol), propane-1,3-diamine (0.04 g, 0.5 mmol), or hexane-1,2-diamine (0.06 g, 0.5 mmol) (to make compounds 6a-c, resp.) in AcOH (0.1 mmol) as solvent and NH 4 OAc (0.1 mmol) as catalyst. The reaction mixture was then refluxed for 3 h and the product was filtered after cooling. The desired product was obtained in a pure form by recrystallization from EtOH. Using the general procedure, the following compounds were prepared. 
2-(3-((2-Aminoethyl)amino)acryloyl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (6a
2-(3-((3-Aminopropyl)amino)acryloyl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (6b
2-(3-((4-Aminobutyl)amino)acryloyl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (6c
General Procedure for the Preparation of Compounds 7a-c.
Compounds 7a-c were prepared using the following general procedure.
Compound 3 (0.131 g, 0.5 mmol) was added to 4-chloroaniline (0.06 g, 0.5 mmol), 4-methoxyaniline (0.06 g, 0.5 mmol), or p-toluidine (0.05 g, 0.5 mmol) (to make compounds 6a-c, resp.) in dioxane as solvent and TEA (triethyl amine) (0.1 mmol) as catalyst. The reaction mixture was then refluxed for 4 h and the product was filtered after cooling. The desired product was obtained in a pure form by recrystallization from EtOH. 
2-(3-((4Chlorohphenyl)amino)acryloyl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (7a
2-(3-((4-Methoxyphenyl)amino)acryloyl)-3-methyl-7-phenylthieno[2,3-b]pyridin-4(7H)-one (7b
2-(Benzo[4,5]imidazo[1,2-a]pyrimidin-4-yl)-3-methyl-7-phenylthino[2,3-b]pyridin-4(7H)-one (8).
It is a mixture of 3 (0.131 g, 0.5 mmol) and 2-aminobenzimidazole (0.07 g, 0.5 mmol) in EtOH as solvent and TEA (triethyl amine)/ ZnCl 2 as catalyst. The reaction mixture was then refluxed for 8 h and the product was filtered after cooling. The desired product was obtained in a pure form.
Red 
3-(3-Methyl-4-oxo-7-phenyl-4,7-dihydrothieno[2,3-b]pyridin-2-yl)-3-oxoprop-1-en-1-yl 4-chlorobenzoate (9).
It is a mixture of 3 (0.131 g, 0.5 mmol) and 4-chlorobenzoic acid (0.08 g, 0.5 mmol) in dioxane as solvent and TEA (triethyl amine) (0.1 mmol) as catalyst. The reaction mixture was then refluxed for 4 h and the product was filtered after cooling. The desired product was obtained in a pure form by recrystallization from EtOH. 
Results and Discussion
Novel thieno-fused bicyclic compounds 4a,b, 5, 6a-c, 7a-c, 8 , and 9 were synthesized as shown in Schemes 2 and 3 starting from the new enaminone 3 (Scheme 1). The new synthesized molecules 1-9 were characterized by CHN analyses, NMR, and MS spectral data. The starting intermediate 2 needed for this research proposal was synthesized by reported method by Mabkhot et al. [22] . The new enaminone 3 was synthesized via the reaction of acetyl thiophene 2 with DMF-DMA in xylene as solvent as shown in Scheme 1. The final product 3 was presumably formed as a result of intramolecular conjugate addition of the nucleophilic nitrogen onto the further end of the double bond ( -carbon) of the intermediate bisenaminone with elimination of a dimethylamine molecule resulting in formation of Michael product 3 as depicted in Scheme 1.
The IR spectrum of the new enaminone 3 has shown an absorption band at 1613-1640 cm −1 ascribed to the carbonyl group ](C=O) and an abruption band at 1593 cm −1 ascribed to the alkene group ](C=C).
1 H-NMR spectrum of the new enaminone 3 exhibited a singlet at 2.85 and 3.15 ppm, due to the methyl of the N(CH 3 ) 2 groups. In addition, two doublets for the CH=CH protons at 5.36 ( = 11.6 Hz) and 5.39 ( = 11.6 Hz) were observed. On the other hand, two doublets for the CH=CH protons at 6.14 ( = 8.0 Hz) and 6.16 ( = 8.0 Hz) due to pyridinone ring in addition to a multiplet at 7.63-7.68 Table 1 Crystal data On the other hand, C4 has methyl group and C6 has amine derivative ( Figure 1 ). In the crystal packing the molecules linked via five nonclassical hydrogen bonds were shown in Figure 2 and Table 3 . The selected data collection, handling, and bond lengths and angles for the crystal were shown in Tables 1 and 2 , respectively [23, 24] .
Having the new enaminone 3 available in our hands encourage us to use it for the synthesis of the thieno-fused bicyclic compounds. Compounds 4a,b were synthesized by refluxing a mixture of enaminone 3 and N-nucleophile, for example, hydrazine analogous and subsequently heated under reflux in EtOH/DMF as solvent. (Scheme 2). The IR spectrum of the synthesized molecules exhibited absorption bands at 3416, 1640, and 1602 cm In addition, compounds 6a-c, 7a-c, and 8 were synthesized by refluxing a mixture of 3 and aliphatic diamines, aromatic amines, and 2-aminobenzimidazole, respectively (Scheme 3). Interestingly, enaminone 3 treated with p-chlorobenzoic acid to afford the corresponding ester 9. The IR spectrum is consistent with the expected absorption bands.
1 H-NMR spectrum in DMSO-d 6 showed singlet at 3.12 related to the CH 3 group and two doublets corresponding to the CH=CH protons at 5.36 ( = 12.0 Hz) and 5.36 ( = 12.0 Hz) and the pyridinone CH protons at 6.15 ( = 8.0 Hz) and 6.16 
Conclusions
In summary, we have succeeded in the synthesis of a number of novel thieno-fused bicyclic compounds via novel enaminone containing thieno [2,3-b] pyridine core by classical method. The structures of the new compounds were confirmed by means of different spectroscopic methods and by elemental analyses. The biological activity of the synthesized product is underway in our laboratory.
